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e \/JJ Ie and near mfrared

J\J n:r 1S have ever been identified!

Hrgx mg crucial information on the chemical

e mpositions of galaxies and interstellar medium,
on the energy balance, chemical evolutlon of the
= 'f-unlverse and origin of life... A=
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\J'JJ’JFIrJJi of elements in the e e se e T

iiiverse: H, He, O, C, N, Ne... T
S PAH: 5 are remarkably photo stable.
,_-=.. -ﬁHs have been identified in __
= ~ meteorites. ceT TR
- ® PAHs and the infrared emission ¥ ST
bands. e




WesAre Lottery Players “®il:
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It
C rrent Estimated Jackpot:
- e

enjr:“'g sttervnlaverswhorare o)lplel to
JRUIE ack Pot by chance.

Jnrorru up to date only very limited PAHs
paVveE DeEn studied either experimentally or
= ) ~oret|cally ~ (0.1% PAHs containing up to 10
= fused benzene rings.
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= - A blg guestion to ask therefore is: “exactly how
many PAHs are out there and what PAHs should
we study?”



semputer Enumeration of .PAHs;
SNiENdeallcanboniskeleton of a PAHLis 2
“r)ol\/'- “that consists of / fused benzene
ings.

) P\/ _eaI” we mean all benzene rings in
_ & polyhex are identical regular
'6xagons

=

. How many polyhexes exist for a given
- number of /2 hexagons? Harary offered
$100 for the solution to this difficult

problem in 1968.




AMWorking Algorithm -
g Algorithm =

SIEHOW r polyREXeS Wit /ZnEXagons.are.... . .
IETal adifirom polyhexes with /71— 1 hexagons.
=zl ry e a new polyhex is generated, we
biansiormi it using each of the 12 symmetry

OPET ations.

“SiEach transformed polyhex is then converted into
- |ts SIR and compared to existing SIRs — the
~ most time consuming step.

® A balanced search tree is used to store the SIRs.
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fiieoneycomb Grid__ o
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ARV IEXESIWI U,
IEXAOONS can be
sontained in a f1x f
plock hioneycomb
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grid.
® o
e Eac

= ® Each hexagon, or
— “cell”, is represented 'S
by one grid point A4
- located in its center of
mass.

A 4 x 4 honeycomb grid.



IENndex Representation. =

IS, denoted' as C(i,
. are the cell nhumbers.

s of the T-shape

m—

2 1 2y (11 2 2
1 2 2/ 1 21 2




-

onnectivity

gridpoINGISICOnRECied With.six cells
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The six mirrors of the honeycomb grid: 1 — o, 2 -

c,,3-0,.4-0,.5-0.,6-0,.
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_Géorr el ie & Electronic Transitionsy

e
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“MorJ: e:wr oy = H-C-C angles;: 2x/3; C-C
pEREE 397 A;C-Hibond: 1.084 A.
FOIRgEOmELry optimization, the Austin Model 1
(F\JVJ PrHamiltonian is used.

- -electron|c excitation energies, the Zerner’s
= .ﬁ errmediate Neglect of Diatomic Differential
_,.._;-— sterIap (ZINDO) method is used.

~ ® The transition energies calculated at the model
geometries are found to be better than those
calculated at the geometries optimized at the
AM1 level of theory.




galibration of the Databa

e
(“V‘ Nt datapase contalns alli PAES, Up; te
LON(= 40,000 PAH molecules).
SRSEl Jr)l“ space; 10 closed-shell neutral PAHs (18
Elaional constants and 15 transition energies).

) o) lonal constants: maximum relative error is
= J,_;_';JG% and the standard deviation is

E f‘Eﬂectronlc transitions energies: the mean is
~ —1059 cm-1 (=0.13 eV): the largest deviation is —
2757 cm1 (-0.34 eV); standard deviation is
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Properties of PAHS:
—

EELONIC

e r]ru:ra inLthersameplane in the electronic
gJrotigielsie] ).

0 anJIJJ« (A’) Systems.
o Derrlinlz -ed by the 1 — n* and c — o* transitions.

5= Jocr hell: electronic transitions are in the UV and
r ove to'longer wavelength as the size grows.

pen shell: electronic transitions are in the visible

= and near IR.
& @ ®. Benzoperylene . " y 2

LUMO HOMO
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IS perpendicular to the
ar plane and Ia and Ib lie in
Jlecular plane.

» [b

Ia Inertia Ellipsoid

e1independent rotational Io
sconstants since Ic = Ia + Ib. T
= & If there exists a C; axis, the Sl e
~ molecule is a oblate. od L

e Type-A and type-B band profiles. ¢ % 4N
Principal Axes of
Perylene
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files — PIanar PAHs
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Wavenumber (cm’')

Simulated vibronic
band profiles using
the rotational
constants of the S,
and S, electronic
states of perylene
[Tan & Salama,
J.C.P. 122, 084318,
(2005)]. The
spectra are
convoluted with a
Lorentizan function
with y = 0.05 cm-1L.
Trot = 20 K.
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(@) Comparison of the
16614 DIB (HD149757,
Galazutdinov et al 2002)
and simulated type-A
profiles of planar PAHSs,
Trot = 54 K, A” = 0.01
cmi, y=0.4cmlIn
the three simulations, A'
=A”=A, B'=B" =B.
B/A ratios are shown on
the figure. (b).
Comparison of the
16614 DIB and
simulated (TDDFT)
profiles of 7RT113 and
8RT702.




SOMEILISIONS S

of all possible PAHs in this database is
2l v- ‘promising method to solve the PAH-
= J B problem.

,‘For the first time, two closed-shell PAH

~ cations are found to meet all constraints put
on the 16614DIB (wavelength, intensity,
band profile, and ionization potential).
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Dotted: IR spectrum of the Orion (@) & (c): Spectra of IRAS 22272+5435 &
Nebula. Solid: theoretical spectrum the Orion Nebula. (b) & (d) Spectra of

of eight PAH cations. Langhoff, J. mixed neutral and ionized PAHSs.

Phys. Chem., 100, 2819 (1996). Allamandola et al, Ap.J. 511, L115 (1999).




